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Preface to the series 


At the present time there isa growing dissatisfaction with mathematical 
work in schools. There is a feeling that the content of courses does not 
fit in with the present-dày needs of science and technology, industry and 
trade. At the same time the attitude of teachers towards the teaching of 
mathematics is undergoing a fundamental change. More and more 
teachers are coming to feel that teaching by ‘rule’ is not good enough: 
They want children to find out more for themselves, to question what 
they are doing and to find their own ways of solving problems. They want 
children to understand rather than to learn like parrots. 

These two movements—the modernisation of the content of mathe- 
matics and the shift of emphasis from ‘the teacher teaching’ to ‘the child 
learning’—are going on together in many countries. They both make 
large demands on teachers, especially in the primary school. These 
teachers now need to take a new look at mathematics itself and at the 
same time try to introduce more enlightened methods in the classroom, 

If these changes are to come about, teachers in schools and students in 
training will need all the help they can be given. It is for this purpose that 
this series of short books has been written. The aim is to give teachers and 
student-teachers a new mathematical background so that they can 
introduce modern mathematics in the primary school. The books do not 
Set out to deal with the classroom situation itself but they do present, at 
teacher level, the kind of approach now being introduced into schools. 

The first five books will provide a background to the first three years 
of mathematical work in the primary school. Further books will cater for 
the whole primary range. The approach is simple and straightforward 
and no previous knowledge is assumed. Many exercises (with answers) 
are provided at each stage; they need to be worked through very care- 
fully. The exercises not only consolidate the work already done but 
provide the starting-point for the next stage. 


St Luke's College, Exeter D.P. 
March, 1968 d JD 
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1. UNION OF SETS 
A. Sub-sets 
Here is a picture of some college students. 


Jacob Mary Anna Yusuf Sarah Ahmed John Titi Tom 


We notice that some of the students are men, some are women, some are 
carrying books, some are wearing spectacles. We remember, from 
Book 1, Numbers and Number Systems, that we can show the set of the 
names of the men students as: 


(Jacob, Yusuf, Ahmed, John, Tom] 


Exercises 
1. Write the set of names of: 
(a) the woman students, 
(b) the students carrying books. 
(c) the students wearing spectacles, 
(d) the students not carrying books, 
(e) the students not wearing spectacles. 


2. Write the set of the months of the year. 
Now write the set of months: 


(a) starting with ‘J’, 
(b) finishing with ‘ber’, 
(c) with 31 days, 

(d) with 30 days, 

(e) with 20 days. 


UNION OF SETS 


In exercise 2 we started with the complete set of the months of the year. 
We then wrote down sets made up of some of the months. Each of these 
is called a Sübsset'of: 
(January, February, March, April, May, June, July, 
August, September, October, November, December) 


Sometimes a sub-set contains no members, as in exercise 2(e). 


Exercises 
3. For [I. 2, 3. 4, 5, 6, 7, 8, 9), write the sub-set of: 
(a) numbers greater than five, 
(b) numbers less than five, 
(c) even numbers, 
(d) odd numbers, 
(e) numbers greater than three and less than eight. 


a 


- For (e, d, u, c, a, t, i, o, n}, write the sub-set of: 
(a) vowels, 
(b) consonants. 


B. Intersection of sets 
Here are the students again with their ages. 


Jacob Mary Anna Yusuf Sarah Ahmed John Titi Tom 


UNION OF SETS 


We can again show them in various sub-sets. For example: 

Students aged 18 (Mary, Sarah, Tom} 

Students aged 19 (Jacob, Anna, Ahmed, John} 

Students aged 20 (Yusuf, Titi] 

Men students (Jacob, Yusuf, Ahmed, John, Tom} 

Women students (Mary, Anna, Sarah, Titi} 

Women students aged 18 (Mary, Sarah] 

There are several ways of finding the last of these sub-sets. We can: 

(a) Look at the diagram, and pick out the women students (Mary, 
Anna, Sarah, Titi). 

Now see which are 18 (Mary, Sarah]. 

(b) Look at the diagram, and pick out the students who are 18 (Mary. 
Sarah, Tom). 

Now see which are women (Mary, Sarah). 

(c) Look at the set of students aged 18 (Mary, Sarah, Tom) and the 
set of women students (Mary, Anna, Sarah, Titi) and see which 
students appear in both sets | Mary, Sarah}. 

In each case we get Marys Sarah) as the set of women students who are 
18. 

Sometimes it is helpful to show this information in a diagram like 

this. 


First we show the women students. 


Then we show the students aged 18. 


UNION OF SETS 
Now we want some way of showing that Mary and Sarah are in both sets. 
We do this by drawing the two shapes in this way: 


Women students Students aged 18 


The shaded portion is in both shapes; it is where the shapes intersect. 
In it we put the students Mary and Sarah. 


Women students e ` 2 Students aged 18 


The diagram now shows that Mary and Sarah are women students and 
are also aged 18. 


The other students are then put in and we have: 


Women students : Students aged 18 


This kind of diagram is often called a Venn diagram. It helps us to see 
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the information more clearly. Looking at it we can say: 
(a) The women students are {Anna, Titi, Mary, Sarah}. 
(b) The students, aged 18, are (Mary, Sarah, Tom}. 
(c) Mary and Sarah are women and are aged 18. 
(d) Tom is aged 18 and is a man. 
(e) Anna and Titi are women and are not aged 18. 


Let us now look back at what we have been doing. We started with 
(Anna, Titi, Mary, Sarah} and (Mary, Sarah, Tom}. We then saw 
that Mary and Sarah are in both sets. Finally we showed this in a dia- 
gram. 

We use a special word to describe (Mary, Sarahj. We say (Mary, 
Sarah} is the intersection of [Anna, Titi, Mary, Sarah) and (Mary, 
Sarah, Tom]. 

Now we look at: 

Students aged 19 (Jacob, Anna, Ahmed, John} 

Men students (Jacob, Yusuf, Ahmed, John, Tom} 

We notice that Jacob, Ahmed, and John are in both sets. So that Jacob, 
Ahmed, and John are men students, aged 19. We can show this as: 


Students aged 19 Men students 


\ 

We say The intersection of (Jacob, Anna, Ahmed, John} and {Jacob 

Yusuf, Ahmed, John, Tom} is (Jacob, Ahmed, John) ` We write this 

more shortly, using the symbol for ‘intersection’ and & for ‘is’, as: 

Jacob. Anna, Ahmed, John} ^ (Jacob, Yusuf, Ahmed, John, Tom} 
= (Jacob, Ahmed, John} 


Hj 


UNION OF SETS 


Exercises 
5. Show the set of men students and the set of students aged 20 on a 
Venn diagram. What is their intersection? 
Show the result using the symbol n. 
. Show (a, b, c, d} and (c, d, e, f, g} on a Venn diagram. What is their 
intersection? 
Show the result using the symbol ^. 


7. Show (2, 4, 6, 8} and (1,2, 4, 8, 16} on a Venn diagram. What is their 
intersection ? 
Show the result using the symbol n. 


e 


C. Union of sets 


Here we show again the Venn diagram which we used on page 4. For 
ease of drawing we now use circles. 


Women students \ Students aged 18 


vo omi alt ge A 
ON OF SETS A 


Looking at the diagram we see: 
(a) The set of women students. 


(c) The set of women students who are aged 18. 


UNION OF SETS 


There is yet another set. It is {Anna, Titi, Mary, Sarah, Tom}. This 
contains all the women students and all the students aged 18. 


Women students , 


` 


We give this set a special name. We say that it is the union of the set 
of women students and the set of students aged 18. 


Now we look again at the Venn diagram on page 5. 


Students aged 19 Men students 


Here we see that the union of 
{Anna, Jacob, Ahmed, John} and {Jacob, Ahmed, John, Yusuf, Tom} 
is {Anna, Jacob, Ahmed, John, Yusuf, Tom}. 


We write this more shortly, using the symbol for “union”, as: 


(Anna, Jacob, Ahmed, John} U (Jacob, Ahmed, John, Yusuf, Tom} 
= (Anna, Jacob, Ahmed, John, Yusuf, Tom) 
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UNION OF SETS 


Here are three further examples of the union of sets: 
{Lagos, London, Moscow} U (Lagos, Paris, Cairo, London} 
= {Lagos, London, Moscow, Paris, Cairo} 


{1, 3, 5, 9} u 43, 6, 9} = (1, 3,5, 9, 6} 
{p, x, w} O (m, n, p. w, v) = (p, x, w, m. n. v] 


The symbols ^ and Y may appear strange to us at first. However, a 
little practice in their use will help us to remember them. 


Exercises 
8. Show (e, n, g, I. i, s, h} and (f, r, e, n, c, h} on a Venn diagram. 
What is their union? 
Show the-result using the symbol U. 
9. Show (3, 6, 9, 12, 15) and (4, 8, 12) on a Venn diagram. What is 
their union? 
Show the result using the symbol u. 
10. Show (2, 4, 6, 8, 10, 12, 14} and (3, 6, 9, 12, 15) on a Venn diagram. 
What is their union? 
Show the result using the symbol U. 
11. Show (2, 4, 6, 8, 10} and (1, 3, 5, 7,9} on a Venn diagram. What is 
their union? 
Show the result using the symbol U. 
12. Show {g, o, a, t} and {h, e, n] on a Venn diagram. What is their 
union? 
Show the result using the symbol O. 
13. What do you notice about the intersection of the sets in: 


(a) exercise 11, 
(b) exercise 12. 


Important ideas in this chapter 

1. The idea of a sub-set, 

2. The use of Venn diagrams. 

3. The idea of intersection; the use of n. 
4. The idea of union; the use of U. 
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2. THE UNION OF DISJOINT SETS 
A. Disjoint sets 


In chapter 1 we looked at the intersection and union of sets. We now 
go on to look at two more examples: 


Eu m EHS 


and (1,3, 5, 7) u (2, 4, 6}. 


The result of the first union is 


(Ame Ea) 


and of the second (1, 3, 5, 7, 2, 4, 6). 


We can use Venn diagrams to illustrate these examples. 


We notice that in each case there is nothing in the intersection. In the 
first example no animal is in both 


(A b JE E 


Sets such as these are called disjointssets: In the second example no 
number is in both (1, 3, 5, 7} and (2, 4, 6). These are also disjoint sets. 
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Exercises 
1. Use Venn diagrams to show the following pairs of sets: 
(a) (A, L, I} and (J, O, H, Nj 
(b) flion, elephant, camel, giraffe} and (tiger, monkey, camel} 
(c) {Anna, Tom, Mary, Jacob, John} and {Yusuf, Ahmed, Titi} 
(d) (car, bicycle, bus} and {lorry, train, aeroplane, boat} 
(©) {red, green} and {blue, red, orange, black, yellow} 
(f) {France, Canada, Japan, Denmark} and {Sweden, Turkey, Japan, 
India} 
Which pairs of sets are disjoint? 


2. Which of the following pairs of sets are disjoint? 
(a) (a, b, c, d} and (p. q, r. s, t} 
(b) (1, m, n} and (h, i, j, K, 1} 
(c) (1, 4, 9, 16} and (2, 4, 8, 16} 
(d) (10, 9, 8) and (7. 6, 5, 4, 3, 2, 1] 
(e) (J, A, C, O, B) and (T, A, N, I} 


3. In each of these examples the sets are disjoint. Copy and complete 
each statement. 
(a) (a, b, c) u (d, e, f, gj = 
(b) (p, q) O (I, m, n} = 


(c) (a, e, i, o, u) O = (a, e, i, o, U, X, y, 2 
(d) u (2,4, 10} = (2,4, 6, 8, 10} 

(e) (98, 99) o (1,3, 5) = 

(E) (1, 4,9, 16} U = (1,4,9, 16} 


4. The union of (a, b, c} and (d, e, f. g} gives (a, b. c, d, e, f, gj. Write 


down other pairs of disjoint sets which, under union, give (a, b, c, 
d, e; f, g). 


5. Write down pairs of disjoint sets which, under union, give (2, 4, 6, 8). 


Can you say how many pairs of such sets there are? 


THE UNION OF DISJOINT SETS 


B. Union of more than two disjoint sets 
Exercises 
6. Look at these three sets: 


4..{ ADO } 


BE 
r 
Find: 

(a) AUB (b) BUC 

Use the results to find: 

(c) (AU B)UC (d)4 o (BUC) 


The brackets are used to indicate which union is to be done first. What 
do you notice? 


7. For the sets 
P 
V. . 2, 4, 6} 
2. 8) 
find: 


(a) Xu Y (b) Yuz 

Use the results to find : 

(c) (Xu YyuZz (d) X o (Y Z) 
What do you notice? 


From exercise 6 we see that both (A y B) o C and A 0 (B o C) give 


CV 


The result is the same whether we find (4 u ) O Cor A u (B o C). 
So we can write (A U B) UC = Au (BU C). For this reason when 
we have three sets we often write A 0 B O C to represent both 
(Au B) U C and A o (B o C). In the same way, from exercise 7, we 
see that (Xu Y) u Z = Xu (Y u Z) and we use Xu Yu Z to represent 
both of them. 
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THE UNION OF DISJOINT SETS 
Exercises 
8. Find: 
(a) {a,b} O le, d} O (e. f) 
(b) {r, s, t} O (u, v. w} O , y, 2) 
(©) (15, 16, 17, 18) O (10, 9, 8, 7) 0 (11, 12, 13, 14} 


9. For the sets 

A... {a, 2 

5. lb. y) 

C... {c, x) 

D.. {d, w} 

find: 
| (a) AUBUC (d) AU(BUCUD) 
| (b)(AUBUC)UD (e) AUBUCUD 

()BUCUD 


Important ideas in this chapter 
1. The union of two disjoint sets. 
2. Union with more than two disjoint sets. 


3. ADDITION AND SUBTRACTION 


A. Looking again at the union of disjoint sets; the idea of addition 
We begin this chapter by looking more closely at some disjoint sets 
and their union. 


Exercises 


1. Copy the two sets. Write their numbers underneath. Complete the 
union. Write the number of the resulting set underneath. 


(a) (Mary, Ahmed, Sarah} U (Yusuf, Anna} 


UN m SE d 


(c) (a, b, c} u (d, ej 


UOI SL) — | 


Copy the two sets. Write their numbers underneath. Complete the 
union. Write the number of the resulting set underneath, 


(a) (Jacob, Anna, Mary, Tom} u (Yusuf, Sarah, John, Titi, Ahmed} 


8 (18115 


(c) (l m, n, oj O (p. q, r, s, t} 


M 


(d) {rice, cocoa, banana, orange} U ae palm-oil, 15 
pepper, egg 


Copy the two sets. Write their numbers underneath. Complete the 
union. Write the number of the resulting set underneath 


(a) ip. a} O (2 Y. x, c, b, a} 


eTAO] «(Nano 
eife] v [E^ m bn Np 
o (41) - (638843) 


From these exercises we see that 


(a) The union of a set of number 3 with 


à set of number 2 gives 
of number 5. EYL EES 
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(b) The union of a set of number 4 with a set of number 5 gives a set 
of number 9. 


(c) The union of a set of number 2 with a set of number 6 gives a set 
of number 8. 
j These results are shown in the table below: 


rn | ` RIRs oca. 
second set formed by union 


4. Copy this table. Illustrate each pair of numbers with sets as we did 
in exercises 1, 2, and 3. Complete the table. 


Number Number of. Number of set 
first set second set formed by union 
= IT | 
5 
2) 
` 1 
4 0 


In each of the examples which we have done in this chapter we have 
formed the union of two disjoint sets. We wrote down the number of 
€ach of the original sets and then found the number of the set formed. 
This finding of the number of the set formed is given a special name. 
It is called the addition operation. We use the symbol & to indicate 
the operation and write, for example, BE and 4 We show the 
results as BENE and g gs The symbol + is called the addition 
Symbol. The number 5, for example, in 3 + 2 = 5 is often called the 
Sum of 3 and 2. 
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Exercise y » 
5. Complete the union. Write the corresponding addition. 


cold EDA v Am] 
RER IE 

o Same A] 

of jo | Cle e diio BE s eh ms 


UP IIT IDEE IY 


Each of the addition relationships such as 3 + 2 = 5 and 4 + 3 = 7 is 
called an addition fact; There are, of course, many of these facts, We 
need to memorize some of them if we wish to do our calculations quickly. 
However, because we use place-value we need to remember only the 
addition facts up to 9 + 9. Here are some of these facts arranged in 


order. 

0+0=0 1+0= 1 DER: 
ELE 1 58 2 Der WS 3 
Uap IO 1+2= 3 E 
0+3=3 1+3= 4 DUM N 
0+4=4 1+4=5 etc. 
OS — 5 lip 6 

0+6=6 ESC 

0+7=7 ME 

0+8=8 T Sr 

0+9=9 90 


Writing the facts in this way is slow and laborious. We often show them 
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more concisely in another form. Here is a table which shows all the 
addition facts which we have met so far in this chapter: 


First number 


Exercise 
6. Copy and complete the table above. 


B. The idea of subtraction 
Now that we have built up this set of addition facts we look at the kind 
of question each fact helps us to answer. Let us think about, for example, 
3 + 2 = 5, This addition fact enables us to answer the question "What 
is the sum of three and two 7”. It also gives us the answers to the questions 
“What must be added to three to give five? and "What must be added to 
two to give five?’. We can show these questions with symbols as: 


Se 
3+0=5 
It ie 
Where [has to be replaced by a number. 
The second and third of these questions a! 
d 


re often written, in another 


ADDITION AND SUBTRACTION 


way, using the symbol. Instead of 3 + O = 5 we write 5 — 3 = CL 
and instead of O + 2 = 5 we write 5 — 2 EI In examples such as 
these we know the number of one of the original sets and also the 
number of the set formed by the union. Finding the number of the other 
original set is called Subtractión. The — symbol is called the subtraction 
symbol. 


So far in this chapter we have used only base ien. Now, in some 
exercises, we use other bases. 
Exercises 
7. In this exercise we are working in base five. 
(a) Copy and complete the addition: 


@1+2= (iv) 3 +4 = 
(ii) 3+ 1 = (v)4+2 = 
tiii) 2 + 0 = (vi) o +3 = 
(b) Copy and complete: 
Second number 
UA ESA yr 
0 m | 


SET 


(c) Use the table to complete: 
(1 +3 = 


First number 
Gi 


(i (iv) 11 —3 = 
0 4 2 = ()13—4- 
(ii) 0 + 2 = (vi) 2+4= 


8. In this exercise we are Working in base eight. 
(a) Copy and complete the addition; 
OS tIS (iv)7 + 4 = 
() 2 +6 = (v)6 +0 = 
(i) 5 + 4 = (vi)7 4-72 
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(b) Copy and complete: 
Second number 
= lo AS a po a 
d 7 | 
vl] | 
zl 2 ZE) 
215 
5 | | 
gr 
DC we 
— 5 | 
all 
ES 2 i 
| (c) Use the table to complete: 
| (i) 6-12 (v) 2 ＋ 4 = 
(ii) 7-3= WIS-7= 
(iii) 11 4 esu 


9. In this exercise we are working in base three. 
(a) Copy and complete the addition: 


@1+1= Gv) 0+ 1 = 

(10 2 +0 = 00 2 42 — 

j (iii) 1 + 2 = (vi) 2 +1= 
(b) Copy and complete: 
Second number 


u 
8 
3 
E 
El 
A 
[ea 
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(c) Use the table to complete: 


(1)1+2= vr 2 = 
(ii)2 —1= lee 
(ii) 1 0. = (vi) 0— 1 = 


C. Using addition and subtraction ] 
We now look at some situations in which addition or subtraction is used. 
There are five people in a room. Seyen more come in. How many are 
now in the room? Here we are given the numbers of two sets of people. 
We have to find the number of the set formed by union. We use our 
knowledge of 5 + 7 = 12 to say that there are now twelve people in the 
room. 
All situations in which addition is used are similar to this. There are, 
however, several different ways in which subtraction is used: y 
(a) Mary has twelve oranges. She sells five of them. How many has 4 
she left? Here we see that the set of number 12 is formed by the 
union of the set Mary sells and the set she keeps. We have to find 
the number of the set she keeps. We show this as the subtraction 


12 — 5. Our knowledge of the addition fact 5 + 7 = 12 enables us 
to say that she has seven oranges left. 


(b) Mary has twelve oranges. Sarah has eight. How many more has. 
Mary than Sarah? Here we see a somewhat different situation. 
We have to find the number of the set which under union with 
Sarah's set gives a set with the same number as Mary's. We show 
this as the subtraction 12 — 8. Our knowledge of the addition fact 
8 + 4 = 12enables us to say that Mary has four more than Sarah. 

(c) The question in (b) could have been “How many less has Sarah 
than Mary? or ‘What is the difference between the number of 
oranges Mary has and the number of oranges Sarah has?. The 
answer to each of these is also found as in (b). 


Important ideas in this chapter 

1. The idea of addition. 

2. Addition facts. 

3. The idea of subtraction. 

4. How we use addition and subtraction. 
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4. ADDITION, MULTIPLICATION, AND DIVISION 
A. The addition of more than two numbers 
So far we have been concerned with the addition oftwo numbers. Often, 
however, we are concerned with more than two numbers. For example, 
we may wish to add 2 and 3 and then add 4 to the result. We show this 
by writing 
2 +3) +4 

The brackets are used to tell us which two numbers to add first. We 
show the working as: 

2 ＋ 3) ＋ 4 = 5+4 


Now we look at 
2+(3+ 4) 
Here the brackets tell us to add the 3 and the 4 first. 
Working is set down as: 
2 4 6 4 40 =247 
=) 


The complete 


We notice that the two answers are the same. That is, 
(2 4 3)3 4 2-5 644) 


For this reason we often omit the brackets and write 2 4 3 4 4 to 


represent both (2 + 3) + 4 and 2 + (3 + 4). o 
When no brackets are put in we do, in fact, always work as if some 

are there. We need only to consider 1 + 99 + 17 to see that in our minds 

Most of us bracket the “1 + 99. On the other hand, for 15 + 999 + 1 


We probably bracket the 909 + 1’. 


Exercise 
l. Copy and complete the foll 
your additions: 


owing. Use brackets to show the order of 


()1+9+7 (d) 2 +8 +17 
(b)9 + | + 99 (e) 19 + 3 + 27 
(c) 100 + 17 + 3 (f) 2 + 18 + 70 


s, for example, (2 + 3) + 4 and 


We have seen that additions such à 
h can be represented by 2 + 3 + 4. 


3 GN 4) give the same answer. Bot 
GERT, West gengdi 

] > 21 
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We can, of course, extend this idea to additions such as 2 + 3 + 4 + 5, 
5+7+4+ 8 + 9, etc. 


B. The addition of equal numbers; the idea of multiplication 
Exercise 
2. Copy and complete: 
()3+3+3+3+3 
(b)2+2+2+2+2+2 
()5+5+5+5+5+5+5+5+5 
(7 +7 +7 +7 +7+7+7+7 
(IR 915179) 


To avoid writing the same number many times as in exercise 2, we 


introduce a short way of showing such additions. Instead of writing, 
for example, 


3+3+3+3+3=]5 we write 8 
and for 9+9+9+9= 36 we write 4 


To help us to see that we are dealing with, for example, five rhrees 
we write the ‘5’ first and the ‘3° second. Similarly for four nines we write 
the “4 first and the ‘9’ second. With experience and practice we come to 
know that, for example, 5 x 3 = 15 without doing any addition. We 
then say that we are multiplying the five and the three. The operation 
is called multiplicationyand the & is called the multiplication symbol. 

The statements 5 x 3 = 15 and 4 x 9 = 36 are both called multi- 
Plicationsfactsy There are, of course, many of these facts. In order to 
calculate we need to memorize certain of them. 
place-value, only those up to 9 x 9 need to 
convenience these facts are often set di 
in base ten we have tables such as: 


But, because we use 
be remembered. For 
own in table form. For example, 


2x0=0 2x 12 2 pare n 
3x0=0 ae BEE 
4x0=0 4x1=4 4x2= 8 
Sx0=0 SSA 5 10 
6x0=0 6x1=6 etc. 
7x0=0 sen 

8x 0 Gelb 

9x 0 EE 
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Sometimes these facts are shown in another table like this: 


Second number 
3456 


First number 


Exercise 
3. Copy and complete the table above. 


From the table which we have just completed we see that, for example, 
6% 9 = S4and9 x 6 = 54. This tells us that, under multiplication, the 
Pair of numbers (6, 9) gives 54 whichever of the two numbers is a 
first. For this reason we do not need to distinguish between 6 x 9 an 
9 x 6; we do not have to worry about the order. In the same way 4 SAEN 
and 7 x 4, for example, have the same value. For this reason, if we 
SECH that, for example, 3 x 8 = 24 we can say straightaway that 
x 3 = 24. : y 
So far i :nking about multiplication we have given a meaning 
to, for PETE 6 x 0 but not tol x 6 and 0 x 6. Neither 
Of these can be thought of in terms of repeated addition. However it is 


ES 
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convenient to complete the patterns, such as, 


4x6=6+6+6+6=24 


3x6=6+6+6 = 18 
2x6=6+6 =12 
by saying that 
1x6=6 
and also that 
0x6=0 


With these extra facts in mind we can now extend our table of facts 
to read as: 


eoloele|e|e|lo|e|e|e|je|e 


e€e|o|-3|o|^w A|| D 
[S] 
& 
w 

= Ex 
w 
a 
> 
H 
m 
E 
tA 
P 
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Exercises 
4. Write, in table form, the multiplication facts we need to learn when 
we work in: 


(a) base five (d) base eight 
(b) base three (e) base two 
(c) base six (f) base four 


5. Complete another table of multiplication facts (Base ten) for numbers 
up to, and including, 12. Colour all the squares in the main part of 
the table which contain the number 24. Do the same for the numbers 
12, 36, and 10, using a different colour for cach. What do you notice? 


C. The idea of division 

We start this section by looking at a multiplication fact, for example; 
3 x 7 = 21. When we know this fact we can give the answer to various 
questions. We can use it to say what number must be put in place of the 


C in each of the following: 


()3x7=0 

(b) 3 x O | 

(Ox 7 = 

The putting of 21 in place of the Din (a) is, of course, a direct use of 
the multiplication fact 3 x 7 = 21. In (b) and (c) however we are using 
the multiplication fact in a different way. Here we know one of a pair 
of numbers which, under multiplication, gives 21. We use the known 
fact to find the other number. This operation we call division. 

There is no real need to introduce a new symbol to show division. In 
practice however it is convenient to use E, and to write 21 + 7 = 
instead of 7 x O = 21. We read 21 + 7 as'twenty-one divided by seven 
and find the answer by asking ourselves By what must I multiply 
7 to get 217. Our knowledge of the multiplication fact 7 x 3 = 21 
enables us to give the answer 3. 
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Exercises ^ i 
6. Rewrite, using the division sign: 
(a) 3 x O= 12 (d) 9 x 0=72 
4 = 36 (e) Ox 8 = 56 
1 (f) E] x 7 — 49 i 9 x O=81 
7. Write as a multiplication: 
@)36+9-D (00 24 8 = 0 (8) 32 2 8 
(0 54 6 El . (h) 16 4 U 
(042-27-U0 (6377-0 (i) 56-720 


8. Use the tables of multiplication facts in exercise 4 to find the answer 
to the division: 


(a) 22 + 4 (base five) (d) 25 + 3 (base eight) 
(b) 11 =2 (base three) (e) 30 + 4 (base eight) 
(c) 32 + 5 (base six) (f) 12 + 2 (base four) 


D. Using multiplication and division 
We now look at some situations in which multiplication or division is 
used: 

(a) Three boxes of tins of food are delivered to a shop. Each box 
contains six tins. How many tins are there altogether? Here we 
have to give the answer to 3 x 6. We use our knowledge of the 
fact 3 x 6 = 18 to say there are eighteen tins altogether. 

(b) The owner of the shop decides to order some more tins. He wants 
another thirty. How many boxes will he order? Here we have to 
give the answer to 30 — 6. We use our knowledge of the fact 
6 x 5 — 30 and say 30 — 6 — 5. He must order another five 
boxes. 

(c) The suppliers decide to alter the size of their boxes. When the 
owner of the shop orders more tins he finds that in seven boxes 
there are now altogether fifty-six tins. How many are there in 
each box? Here we have to give the answer to 56 = 7. We use our 
knowledge of the fact 7 x 8 = 56 and say 56 + 7 = 8. There 
are now eight tins in each box. 
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Exercises 

In each of these exercises write the multiplication or division which has 

to be answered. Give the multiplication fact which is used and also the 

answer to the problem. 

9. There are twenty-four people going to a wedding. How many cars 

will they need if each car carries six people? 

10. Tom has a heap of oranges. In it there are forty-two oranges. He 
shares them with six of his friends. How many oranges will each get? 

11. John buys nine bags of meal. Each bag contains four pounds of 
meal. How many pounds of meal does he buy? 

12. A class of thirty children is to be arranged in teams of five. How 
many teams will there be? 

13. A class of thirty children is to be arranged in five teams. How many 
children will there be in each team? 


Important ideas in this chapter 
1. The addition of more than two numbers. 
2. The idea of multiplication. 

3. The idea of division. 

4. How we use multiplication and division. 


5. MORE ABOUT SETS AND NUMBERS 


A. Operations 
So far in this book we have been looking at: 

(a) the union and intersection of sets 

(b) the addition, subtraction, multiplication, and division of numbers. 

In each case we have been doing something with two sets or two 
numbers. For example, we have found the union of two sets. We have 
also multiplied two numbers. Because something is being done with the 
sets or numbers we say that we operate on the sets or numbers. We call 
the various things we do operations and use phrases such as the addition 
(operation; the division operation; the operation of union. 

We now go on to look more closely at some of the properties of sets 
and numbers under the various operations. 


B. The commutative property 


Exercises 

1. Copy and complete (base ten): 
(a) 5 +2 = (e) 1499 = 
(b)2+5= (99 = 

Ae) 7 4= (gll 0= 
(d)4 +7 = (h) 0 11 = 
What do you notice? 

2. Copy and complete (base five) : 
(a)l+2= (e) 3 +0= 
b) 2 + 1 = (f)0+3= 
(c)4+1= (8)4+2 = 
(d) 1 ＋ 4 = 630 2 ＋ 4 


What do you notice? 


3. Which of the following statements (base ten) are true? 


(3)/5 +4=435 (e)7+2=2+7 
(D6—222—6 (f)9-1=1-9 
()8-5=5-8 20 6 0 = 0 ＋ 6 


(d) 4 ＋ 6 = 6 ＋ 4 (h)5=0=0-=5 
What do you notice? 
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4. Copy and complete (base ten): 


(a)7x4= (e) 7x8 = 
(b)4 x 7 = ( 90 8 x 72 
(e) 1* 9 (5x0 = 
(d)9x1— (h)0 x 5— 
What do you notice? 

5. Copy and complete (base eight): 

(a) 5 x 3 = (e) 6 x 7 = 
(b)3 x 5 = (f) 7 x 6 = 
()4x0= (g2x1- 
(d)O x 4= (h) 1 * 2 = 


What do you notice? 


(a) 6 * 5 = äs 6 (e) 15 = = 115 
(b) 7x828x7 (f) 4x x4 
() 6-222276 (g) 6x x 6 
(d) 12 +3 = 3 +12 (h) 6+ 26 


What do you notice? 
7. Write, in words, the conclusions you have reached from exercises 
l to 6. 
à 


In doing these exercises we have been looking at the effects of changing 
the order of a pair of numbers under the various operations. From them 
We see that for addition and multiplication a change of order does not 
alter the result. In subtraction and division, however, à change of order. 
does alter the result, except in one or two special examples. 

When a change of order does not alter the result we say that the 
Operation is commutative" We say that for addition and multiplication 
the natural numbers have the commutative property. For subtraction 
and division the natural numbers do not have the commutative property. 


Exercises 
8. For the sets P and Q, where 
Plis (a, b, c, d) 
Q is (a, b, e, f, g} 
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find: 

(a) PO 

(b) P 

What do you notice? 
For the sets Rand S, where 

Ris {2,4, 6, 8, 10} 

Sis [1.2,4, 8} 

find: 

(a) RUS 

(b) SUR 

What do you notice? 


(c) PQ 
(d)Q0P 


(e) RAS 
(d) SAR 


10. Do you think that sets under (a) union, (b) intersection, have the 
commutative property? Illustrate by using Venn diagrams. 


C. The associative property 
Exercises 
11. Copy and complete (base ten): 


(a) (4 + 5)+2= 
(b) 4 + (5 + 2) = 
(c) 7+ (1 + 3) = 
(d) (7+ 1) +3 = 
What do you notice? 


Copy and complete (base five): 
(a) ( ＋ 40 ＋ 3 

(b)2 + (4 + 3) 
(c) 1 + (2 +3) 
(d) (1 + 2) +3 = 
What do you notice? 


(a) (5+4+1=5+(4+ 1) 
(b) (6 — 2)— 1 = 6 — (2 — 1) 
(c) 8 = (5 — 3) = (8 — 5) — 3 
d) 8 + (2 + 7) = (8 +2)+7 
What do you notice? 


(e) (6+ 0) + 9 = 
(f) 6 + (0 + 9) 
(g)(2+ 8) +7 
(h)2 + (8 + 7) = 


oa 


(e)4+(1 +4) = 
(f) (44+ 1) 4 
(g) 3 + (0 + 2) 
(h) (3 + 0) + 2 = 


D 


. Which of the following statements (base ten) are true? 
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14. Copy and complete (base ten): 


(a) (3 x 2) x 4 = (e) (6 x 1)x I = 
(b) 3 * (2 x 4) = (0 6 x (1 x 9) = 
(e) 5 x (2 x 6) = (g) 8 x (0 x 5)= 
(d) (5 x 2) x 6 = (h) (8 x 0) x 5= 


What do you notice? 
15. Copy and complete (base eight): 


(a) (3 x 2) x 4 = (e) (7 x 0) x 2= 
(b)3 x (2 x 4) = (f) 7 x (0 x 2) = 
(c) 3 x (1x5) — (2) 6 x (1 x 5) = 
(d)(3 x 1) x 5= (h) (6 x 1) x 5= 


What do you notice? 

16. Which of the following statements (base ten) are true? 
(a) (4 x 3) x 2 = 4 x (3 x 2) y 
(b) (24 + 6) = 2 = 24 + (6 = 2) 
(e) 7 x (3 x 4) =(7 x 3) x 4 
(d) 27 = (9 = 3) = (2705 9) 3 
What do you notice? 


From these exercises we see that, for example, 
(445)+2= 4+4(5 +2) 
3 * 2)x4= 3x (2x4) 
busen Sy Ser (5) 
(24 + 6) + 2 * 24 + (6 = 2). 


Note: The symbol His read as ‘is not equal to’. 


Changing the position of the brackets for addition and multiplication 
does not alter the result. In subtraction and division however it usually 


does, 

When the result is not changed we say that the operation is associative. 
For the operations addition and multiplication the natural numbers 
have the associative property. For subtraction and division the natural 
numbers do not have the associative property. 
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Exercises | 

17. For the sets A, B. and C where | 
A is (a, b, c, d) | 
Bis (a, b. c, e, f} | 

C is (a, b. c, g. h. k} 


find: 
(a) (AU B)ucC (e A 
(b) 4U (Bu C) (d)AD(BAC) 


What do you notice? 
18. For the sets P, O, and R where 
Pis (2,4, 6, 8, 10} 
Q is (3, 6, 9, 12) 
Ris (6, 12, 18} 


find: 
(a) (Po O)OR OR 
(b) P o (Q o R) (d) Poto R) 


What do you notice? 


. Do you think that sets under (a) union, (b) intersection, have the 
associative property? Illustrate by using Venn diagrams. 


D. The distributive property 
Exercises 


20. Find the values (base ten) of: 
(a) 2 x (5 + 3 and (2 x 5) + (2 x 3) 
(b)5 x (6 + 2) and (5 x 6) + (5 x 2) 
(c) 4 x (3 + 0) and (4 x 3) + (4 x 0) 
(d) 6 x (5 + I) and (6 x 5) + (6 x 1) 
What do you notice? 


21. Find the values (base five) of: 


(a) 2 x (1 + 3) and (2 x 1) + (2 x 3) 
(b) 4 x (2 + 1) and (4 x 2) A x 1) 
(c) 3 x (0 + 2) and (3 x 0) + (3 x 2) 
(d) 2 x (3 + 2)and(2 x 3) + (2 x 2 


What do you notice? 
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From these exercises we see that, for example, 

2 x (5 + 3) = (2 x 5) + (2 x3. 
Likewise 5 x (6 + 2) =(5 x 6) + (5 x 2), etc. 
This kind of rewriting can be done for any three natural numbers. 
We describe this property by saying that, for the natural numbers, 
multiplication is'distributive over addition. 


Exercises 
22. Find the values (base ten) of: 
(a) 2 x (4 = 1) and (2 x 4) — 2 x D 
(b) 3 x (3 = 2) and (3 x 3) — G x 2) 
(c) 2 x (5 — 2) and (2 x 5) - Q x 2) 
(d) 3 x (6 — 3) and (3 x 6) — (3 x 3) 
Is it true to say that multiplication is distributive over subtraction 
for the natural numbers? 
23. Make up some examples to test whether, for the natural numbers: 
(a) Subtraction is distributive over multiplication. 
(b) Division is distributive over addition. 
(c) Addition is distributive over multiplication. 


E. Nought and one 
We now look more closely at two numbers which have special properties. 


Exercises 
24. Copy and complete: 
(a) base ten: (i) 7+ 0 
(i) 0+ 5 
(iii) 18 + 0 
(b) base five: (i) 0+ 4— 
(i) 3+ 0= 
(i) 0 + 10= 
0 
1 
0 


(c) base three: (i) 2 + 
(ii) 0 + 
(iii) 12 + 
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25. Copy and complete: 


(a) baseten: (i) 7x 1= 
(i) 1x 5= 
(iii) 18 x 1 = 
(b) base five: (i) 1x 4= 
(i) 3x 1= 
(iii) 1x 10 = 
(c) base three: (i) 2x 1= 
(i) 1x 1 
(i 12 x, = 


From these exercises we see that: 


(a) The addition of any natural number and nought gives the original 
number. Nought is the only natural number which has this 
property. 

(b) The multiplication of any natural number and one gives the 
original number. One is the only natural number which has this 
property. 

Numbers such as nought and one which, for certain operations, leave 

a number unchanged become increasingly important as we extend our 
| knowledge of mathematics. A special name is given to them. Each is 

called an iden nt; (Note: the members of a set are often called 

the elements of the set.) 


We end this chapter by looking at multiplication and division by 
nought. 


Exercise 
26. Copy and complete, where possible: 
(a) base ten: (i) 7 x 0 
(00 x 5 
(iii) 0 
(iv) 3 = 
(b) base five: (i) O x 4 = i 
(ii) 3 x 0 


nu 


I 


1 10 


(iv) 1 +0 
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From these exercises we see that: 
(a) The multiplication of any natural number and nought gives 
nought (e.g. 3 x 0 = 0,0 x 3 = 0). d 
(b) The division of nought by any other natural number gives nought 
(e.g. 0 + 3 = 0). 
(c) The division of any natural number by nought (e.g. 3 + 0, 0 = 0) 
presents a problem. This we must look at more closely. 
Let us consider 3 + 0. Here we have to find a natural number to 
replace O in 
0x0=3 


We know, however, that the multiplication of 0 and any other number 
gives 0. There is no number which can be put in place of I in x O= 3. 
Similarly there is no number which we can put in place of UI in, for 
example, 0 x O = 7, 0 x O = 4, etc. So 3 + 0,7 = 0, 4 = 0, etc. 
have no answers. In fact, when we try to divide any natural number, 
except 0, by 0 there is no answer 

Dividing 0 by 0 leads us to a different situation. Here we have to find 
a natural number to replace £ in 


0xE-0 


We know, however, that the multiplication of 0 and any other number. 
gives 0. We can put any number in place of U. This tells us that O + 0 
has many answers. There is no particular natural number which we can 
give as the answer. 

We are now familiar with the properties of the natural numbers 
under the usual operations and are aware of the special properties of 
0 and 1. We go on to use these ideas in Book 5, Working with Numbers. 


Important ideas in this chapter 

1. The idea of an operation. 

2. The commutative property. 

3. The associative property. 

4. The distributive property. 

5. The idea of nought and one as identity elements. 
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1. UNION OF SETS 


- (a) (Mary. Anna, Sarah, Titi} 
We 
i} 


(c) (Mary, Anna, Ahmed, John} 
(d)(Mary Sarah, Tom] ` 
(©) (Jacob, Yusuf, Sarah, Titi, Tom} 


2. (a) (January, June, July} 
(b) (September, October, November, 
December) 


(2,4,6,8) 0 (l, 2, 4, 8, 16} = (2,4, 8} 


8. \ 


(c) (January, March, May, July, August, 
‚October, December) 


(d) (April, June, September, November} 
0 )} 
3. (a) (6, 7. 8. 9) 
(b) {1, 2, 3, 4} 
(c) {2,4, 6, 8) 
(d) (1, 3, 5, 7, 9) 
(e) la, 5,6,7) 


4: (a) (e, u, a, i. o} 
(b) (d, c, t, n} 


[en gli s. h) O (fre meh} = 
lem g. lis h. f, r, ej 


5. Men students 


{3, 6,9, 12, 15} u (4, 8, 12} = 
(3. 6, 9, 12, 15, 4,8) 


10. 


(Jacob, Yusuf, Ahmed, John, Tom} A 
(Yusuf, Tit} = (Yusuf) 


2. 4, 6, 8, 10, 12, 14} O (3,6, 9, 12, 15} 
= (2,4, 6, 8, 10, 12, 14,3, 9, 15} 


fa, b. e, d] n fc, d. e, f, g} = fo, d} 
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$&( (2,4, 6, 8}; 


(2), (4, 6.8); 
Kal 2 14,8), (2,6). 
6 are three of the possible pairs of. 
( 4 disjoint sets. There are eight pairs. 
\ 3 sa LON == 
n OEN De DEA 
o 3 ( Y ])e IN 
2.6 6,8, 10) 0 {1,3,5,9} = ADOSADOS] 
(2,4, 6, 8, 10, 1, 3, 5,7, 9) (C^EIOE3— NN 


(4uB)u C- Au (Bu C) 


1. (3 (1,3,5,7,2,4, 6) 
(b) (2, 4. 6. 8} 
(©) (1, 3. 5, 7, 2,4, 6,8} 
(à) {1, 3, 5, 7, 2,4, 6, 8) 
KUNLZ=XU(YUZ) 
8. (2) la, b. c, d, e, f] 
(b) li. s t. u. v. w. X. Y, Z} 
(c) {15, 16, 17, 18, 10, 9. 8,7, 11, 12, 13, 14} 


(£,0,a,t) O (he n} = (po a, t, h. e. nh 


9. (a) (a, z, b. y, e; x) 
(b) (a, 2. b. y, e. x. d. w} 
(0) (b. y, e. x. d. w} 
(d) (2, z, b. y, ©, x, d. w} 
(e) (a, 2, b. y, ©, X, d, W} 


13, (a) The intersection is J. 
(b) The intersection is { J. 


2. THE UNION OF DISJOINT SETS 
1. (a), ©, (d). 
2. (a), (d). 


3. (a) {a,b,c} u (def e) = la. b. c, d,e, f, 8} 
(b) (p.a) O (lm, n} = (p. 9, m. n) 
(c) (a, e i, o. u} O N. y. 2) = 

fa, e, i, 0, u % Y, 2) 
(d) (6, 8} O (2, 4, 10) = (2, 4, 6,8, 10} 
(e) 198, 99) 0 (1, 3, 5} = (98, 99, 1,3, 5} 
149,16} {| = (14,9, 16) 


4. (J, fa, b. e, d, e. f, 8); 
{a}, {b, c, d, e, f. g): 
(d. e; g}, (a, b. c. f} 
These are only a few of the possible pairs of 
disjoint sets. There are many others. 


3. ADDITION AND SUBTRACTION 
1. (a) (Mary, Ahmed, Sarah} c (Yusuf, Anna} 
3 2 


= {Mary, Ahmed, Sarah, Yusuf, Anna] 
5 


oia Hm oe ei 
a * 


© (a, b,c} O (d, e) = (a, b. c, d, e) 
3 2 5 
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(O4 ADO It 
3 


=(ALOJIS=) 
5 


2. (a) [Jacob, Anna, Yusuf Sarah, | 
5 { WB Tom olus in: Ahmed]. 


Jacob, Anna, Mary, Tom, Yusuf,| 
-| Sepa Sin Ahmed | 


mi Mis (EN Viti } 
=( EL ) 


(c) (l, m, n. of u {p. q. r, s.t] 
4 5 


. m. n. o. p. q. r. s.t] 
9 


(d) rice, cocoa, 
lona Sel 


(yam, palm-oil, egg, 
NEE 


RE per | 


3. (a) {p.q} U (7. y. x, c, b. a) 
2 6 


beige es bia} 
mi Sekt 


EE 


Om RARA 
2 6 
Amate 
8 
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(a) { n IEA! } 
={ EIER! } 


SO (RADA LAMA? 


= REDA EN TR 


4+3=7 


GERIT TT PHL WEY} 
RASSEL GER 
6+3=9 

RAR 
={ MARE) 


4+1=5 
IS E E d] 


A A O a) 
0+7=7 


(0) CIE ese (BEER 
(Estes AVSER | 


5+5=10 


\ 


ANSWERS 


(€) (i) 6+1=7 (ivy) 2+4= 6 
Gi) 7-3=4 WIS-7= 6 
(i) -4=5 WM) 7+6=15 


9.0) (1 1— 
(0 2 +0= 
2 


6 10 

2 DEE 
ISLE 

Se 
fioj fiz fia frats] 
n [r2 o [14 rs [16 
pofi [rs [ra [rs [re | 
13 [1 fis [re [rz] vs 


E 
a 


First number. 


First number. 


(e) (i) 1 £22 I0 (i)11 2222 
2-12 1 () 04222 
Gil 0— 1 (vi) 10 — 1-2 


4. ADDITION, MULTIPLICATION. 
AND DIVISION 


179 ＋ 
10+7 
=17 : 
(b)9 + 1+99=9+(1 +99) 
=9 + 100 
- 109 
(c) 100 + 17 + 3 = 100 + (17 + 3) 
= 100 + 20 
= 120 
(d)24+8+17=(248) +17 
=10+17 
= 27 
(e) 19 +3 4+27=19 + (3 +27) 
= 19 +30 
=49 
(Ff) 2 + 18 + 70— (2 + 18) + 70 
=20+70 
= 90 


There are, of course, other ways of using 
the brackets. 


1. (a) 1 9-7 


te) (03 1 


8a) (0 5 4 3 
(ii) 2 + 0 
(iil) 5 +4 


(b) 


First number 


0% 7 . 7 
= 56 
(9+9+9+9= 36 


" 39 


ANSWERS 


First number 


4] s] 6] Ts] io nia 
of of of of of of of o 
4] 5] 6] | s[ pio n] 
sire is [s re | 18] 20 22] 
III 
32 [16 [20128 | EES 
20 
ES 


25/3035] 40] 45] so| ss] 
30 | 36 | 42 | 48| saf 60] 66 
14 [zi 28 [ss 2 o [se [70177] 
16 [24/32] so [ as | 56] es | 72) 80] ss | 
18|27 45| 54|63| 72 | gij 90] 99 
20| 30 | 40| 50] 0 |70| 80| so]ıoolı1o]ı20] 
1| 22 33 | 44 | ss ee | 77] 88] 5| rro rar 
iz 2 36 | 48 |so | 72| #4] se [rosfizo 132] 144] 


EIESEHEIETER ETE ESL 


O = 36 (£) 7 x 0 =63 
or Dx 9 = 30 or Ox 7 — 63 

D=5 (8) 8 x O=32 
or Ox 6 = 54 or Ox 8 =32 
(o) 7 x = 42 (h) 4 x O=16 
or UN 7 = 42 or Ox 4 — 16 
(d) 8 x D= 24 () 7 x O= 56 
or Ox 8 = 24 or Ox 7 =56 
(e) 3 x O=27 
or Ox 3 =27 


8. (a) 3 (d) 7. 
(b) 2 (96 
(c) 4 (£3 


ANSWERS 


5. MORE ABOUT SETS 
AND NUMBERS 


1()5+2= 7 (e) 14-99 = 100 
()2+5= 7 (f)99 + 1 = 100 
()7+4=11 (g)11+ 0= 
()4+7=11 (b 0+11= 

2, (a) 1+ 2 3 ()3+0= 3 
(02 +1= 3 (M0+3= 3 
(0) 4 ＋ 1 — 10 (g4-2-11 
(d)1+4= 10 (24-1 

3. (a), (d), (e), and (g). 

4. (a) 7 x 4 = 28 (e) 7. x 8= 56 
(b) 4 x 7=28 (f)8 x 7= 56 
()1x9= 9 (g5x0- 0 
(d)9x 1= 9 ( 0 5 = 0 

5. (a) S * 3=17 52 
(b)3 x 5— 17 52 
()4x0= 0 2 
()0x4= 0 2 

6. (a), (b), (f), and (g). 


always true that a + b =b a 
and a x b=b x a. 

b) is not equal to (b — a) 

b)is not equal to (b + a) 

special case when a — b. 


But (a 
and (a 
except in the 


OSO = (2,0, cde fier 

(b) Q U P = {a, b, c, d, e, f, E) 
PUQ=QUP 

© PoQ = {a, b} 

«)onoP = {a,b} 
PnQ=QnP 


If ‘a’ and ‘b` are two numbers, then it is 


4l 


9. (a) RU S = (1,2, 4, 6,8, 10] 
(b) SU R = (1,2, 4, 6, 8, 10} 
RUS=SUR 
(e) ROS = (2,4, 8) 
(SA R = {2,4,8} 
ROS=SAR 


10. (a) Yes. (b) Yes. 


AUBadBUA AnBandBnA 


11. (a) (4 + 5) + 2 = 
(b) 4 + (5 + 2)= 
(0) 7+ (1 + 3) = 
(d)(7 + 1) + 
(e) (6 + 0) + 
(f) 6 + (0 + 9) 
(8) (2 + 8) + 
(h)2 + (8 + 7) = 


(a) (24+ 4)+3=11+3=14 


SS 


(0) 2 + (4 +3) 224 12-14 
()1+(2+3)=1410=11 
(d)(1+2)+3=343=11 
() 44+ (12-4) 4 4 10— 14 
(0(4+1)+4=10+4=14 
(g) 3+ (0+ 2)=3 42 = 10 
(1) (3 +0) +2=342=10 
13. (a) and (d). 


1.0)8x2x4—6x4-24 
(03x 2x 4)=3 x 8= 24 
(c) 5 x (2 x 6) =5 x 12-60 
(d) (5 * 2) x 6 = 10 x 6 = 
() 6 x 1) x 9=6 
(f) 6 x (1 x 9) = 
(00 8 x (0 x 5) = 
(h) (8 x 0) x 5 = 


60 
54 
54 
0 
0 
30 


E 


Ian x 2) x 4 
(b) 3 x (2 x 4) 
(e) 3 x (1 x 5) 
(00 3 x 1) x 5 
(e) (1x 0) x 2 
(f) 7 x (0 x 2) 
(g) 6 x (1 x 5) 
0 (6 x 1) x 5 


3 
U 
S 


uuu 


6 
8 
0 
6 
3 
3 
3 
0 
7 
6 
6 


oe ed ent 
EE 
5 


ED 


16. (a) and (c). 


Ufa, b. e, 2, h. K) 
= las b. o, d. e, f. f. h,k} 
(b) AU (BU ©) = {a,b, c,d} 
O (a, b,c, e. f. g. h. k} 
la. b. o. d. e. f. 2. h. kj 
(AUBUC=AUBUO 
(O (ANB)NC=(a,b,c) 
A fa b. c. g. h. k) 
= {a,b,c} 
(8) AN (Br C) ba. b. e. d) n (a, b.c] 
= {a,b,c} 
(4n B^ C- 4n(Bn C) 


U (6,12, 18} 
= (2,4,6,8, 10,3,9, 12, 18} 
(b) PU(QU R)= . 4, 6,8, 10) 
V {3,6,9, 12, 18} 
d = (2,4,6,8,10,3,9, 12, 18} 
^ (PuQuR=Pu@uR) 
M (9) (0 9)0 R= IS} {6, 12, 18} 
= {6} 
oa, 10) 046,12} 


Yaz Xo(Y02) 
2x (5+3)=2 x 8 


=16 
(x 5) + (2 x 3)= 10 + 6 
= 16 


(b). $x(6-2)-5x8 
=40 
(S x 6) + (5 x 2) = 30 + 10 
= 40 
(c) 4xG+0)=4x3 
4x3 44% 0) — 
(d) 6x (S+1)=6x6 
= 36 
Re ee 


21.(a) 2x(143)=2x4 


e 5 E 8 28 1 
(b) E E 
E ne ae 
Ao NE, 


= 11 
Bx0+3x%2=041 
=i ny 


2x(3+2)=2x 10 


=2 
Qx340Qx2-1 +4 
= 20 


ANSWERS 


22. (a) 2x(4-1)-2x3 
=6 

e D raed 

(b) 3x (3-2)=3x1 
=3 

BASE, Dei 

© 2x(5-2) 
6 

@x5)-2x2)=10-4 


=) 
(d) 3 x (6 — as 


@x6)- SE 9 


Multiplication is distributive sub- 
imn forthe naturel number w 

23. For the natural numbers: 
(a) Subtraction is not distributive over 


(b) ient is not distributive over addi- 
(e) Aion es over mi 


24. (a) ()7+0=7 (ii) 18 + 0 = 
(1)04+5=5 
() (04-4 i) 0 + 10 = 10 
(1)3+0=3. N 
© 240-2 (iii) 12 +0= 12 
Gi)0--1—1 


25. (a) () 7 x 1=7 (iii) 18 x 1 = 18 
00 * 5 5 

(0) @1 * 4 4 (iii) 1 x 10= 10 
(i) 3 x 13 

() 0 2 * 12 ( 12 1 12 
(i) 1 * L=1 


(b) Dox 
(ii) 3 x 
(ili) 0 + 
Gv) 
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